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Summary. Sera obtained from 62 patients from four mountain counties in
Catalonia (Northeastern Spain), in whom brucellosis had been diagnosed on the
basis of clinical evidence and/or personal history, were analyzed using the rose
Bengal test, standard serum agglutination test (SAT), Coombs’ test, ELISA, and
complement fixation. The diagnosis was further confirmed through blood cultures.
Clinical evidence, epidemiology, and the results from serologic tests were used to
assign patients to one of two groups: group 1 (n = 38) patients had primary infec-
tions, whereas group 2 (n = 24) patients had been previously exposed to the
microorganism, i.e. re-infection of group 2 individuals occurred after long periods
of time during which no active infection by Brucella had been detected. Receiving-
operating charts (ROC) were used to determine the diagnostic value of the differ-
ent tests and to establish discriminant values. Blood culture was a valuable diag-
nostic tool in group 1 (0.92 sensitivity) but was inappropriate in group 2 (0.08).
The combination of positive rose Bengal test and agglutination ≥1/160 was valid
for diagnosis in group 1. In group 2, agglutination <1/160 (including negative
agglutination) did not rule out brucellosis. The combination of positive rose Bengal
test and Coombs’ test ≥1/320 was the best diagnostic criterion (0.8 specificity; 1
sensitivity). ELISA (for IgG, IgM, or both) did not improve diagnostic accuracy.
[Int Microbiol 7(1):53–58, 2004]
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Introduction
Unequivocal diagnosis of brucellosis requires isolation of the
causal agent. Blood culture is the method of choice, but spec-
imens need to be obtained early, and cultures often need long
periods of incubation. In addition, failure to detect the
pathogen is a frequent occurrence. Although in the last few
years PCR-based laboratory tests have been proposed
[4,14,16,20], t hey cannot be considered a routine diagnostic
method yet. These limitations make serology the most useful
tool for laboratory diagnosis of Brucella infection.
Nonetheless, antibody detection is not always sufficient to
indicate the existence of active infection, especially in endem-
ic areas in which equivocal serologic profiles among affected
individuals are frequent. In addition, insidious clinical forms
of brucellosis are often associated with these serologic pro-
files, thus introducing a high degree of complexity in labora-
tory diagnosis such that, in many cases, serologic profiles
alone are not clear enough to support a reliable diagnosis.
Several reports dealing with the significance of various
laboratory tests in the diagnosis of brucellosis have been pub-
lished [6,12,24], although investigators frequently disagree
regarding the criteria. The present, prospective study deals
with the usefulness and significance of blood culture and
serology tests in the diagnosis of human brucellosis in an
endemic area in which livestock farming is the main occupa-
tion. The area includes Pallars Jussà, Pallars Sobirà, Alta
Ribagorça, and Vall d’Aran, four counties characterized by
low densities of human population and high densities of
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ruminants, including goats, sheep, and cows. Previous evi-
dence supporting the endemic character of brucellosis in
these areas has been reported elsewhere [21,22]. The main
purpose of this work was to evaluate the roles of classical
serological methods and ELISA in the diagnosis of human
brucellosis in the populations studied, in order to design
diagnostic protocols applicable in rural hospitals.
Materials and methods
Patients. A total of 62 patients suffering from brucellosis from 1995 to
1998 were studied. All of them were from the above-mentioned counties in
Lleida, Spain, a rural area where brucellosis is endemic. Isolation of
Brucella, clinical evidence and agglutination test values ≥1/160, or clinical
evidence and a Coombs’ test with a fourfold increase in agglutination were
used as positive diagnostic criteria.
Patients were classified into two groups. Group 1 consisted of 38
patients with primary infection (no personal history of brucellosis) and
showing acute clinical symptoms. Group 2 was relatively poorly defined and
consisted of 24 patients with evidence of previous infection by Brucella: (i)
brucellosis diagnosed previously, or (ii) epidemiological data compatible
with long exposure (such as in farmers and veterinarians) to the pathogen
and an immune response of “secondary type” (IgG predominating on IgM)
When group 1 was studied, a control population of 346 individuals (con-
trol 1) living in the same area was examined (“negative-healthy” popula-
tion). For group 2, the control group consisted of 55 healthy individuals
(control 2) in whom brucellosis had previously been diagnosed and subse-
quently treated more than 2 years before, with no subsequent symptoms of
the disease (“cured” population).
Blood cultures were set up before antibiotic treatment. Two samples
were taken at 30-min intervals. Culture and presumptive identification were
done according to previously described procedures [21]. Isolates were sent
to Laboratorio Regional de Brucelosis, Valladolid, Spain, for confirmatory
identification.
Serological methods. For serology, blood samples were centrifuged
(3000×g for 10 min) and the serum divided into aliquots and stored at
–20°C until needed. All sera were evaluated using the rose Bengal test,
serum agglutination test, Coombs’ test, IgM and IgG ELISA, and comple-
ment fixation. Rose Bengal test was done according to the method of
Morgan et al. [17] using commercial antigen (L1-M1110, Linear Chemicals
SL, Spain). Tube agglutination and Coombs’ test were prepared using a sus-
pension of Brucella abortus ATCC 11192 and following the methods
described elsewhere [7,23]. For the Coombs’ test, antigen was centrifuged at
3000×g for 1 h to eliminate soluble antigen, and the pellet (corpuscular anti-
gen) was suspended in saline. ELISA was done by a modification of the
method described by Voller et al. [23]. Briefly, microplates of polystyrene
(96 wells) were coated with 100 µl LPS-S of Brucella melitensis 16 M
(kindly supplied by Prof. I. Moriyón, University of Navarra, Spain) at 2.5
µg/ml, pH 7.2 PBS. Plates were incubated overnight at 4°C in a humid envi-
ronment and washed four times with PBS containing 0.02% Tween 20. A
volume of 100 µl of serum to be tested (diluted either 1/50 for IgG or 1/20
for IgM in PBS) was added, and plates were incubated at 37°C for 45 min
and then washed as described above. Subsequently, 100 µl of conjugate was
added and plates were incubated again at 37°C for 1 h. Two different con-
jugates were used: (i) peroxidase conjugate [goat antibodies to human IgM
(µ-chain specific), Sigma A-6907] diluted 1/1000 in PBS (ELISA IgM); (ii)
peroxidase-conjugated goat antibodies to human IgG (γ-chain-specific)
(Sigma A-6029) diluted 1/1000 in PBS (ELISA IgG). After incubation and
final washing, 200 µl of a solution containing 0.04% o-phenylenediamine,
0.04% H2O2 in 0.05 M phosphate-citrate buffer (Sigma FAST OPD, Sigma
P9187) was added. After 45 min incubation at room temperature,
absorbances at 450 nm were measured using a Behring EL 311 Autoreader
(Hoechst). The results (in arbitrary units) were calculated as follows:
(ODts–ODngs)/(ODps–ODngs)×100, where ODts is the mean OD of the test sam-
ple, ODngs is the mean OD of the negative standard serum, and ODps is the
mean OD of the positive standard serum. After establishing intra- and inter-
series inaccuracies in the ELISA tests, the stability of the samples in plates
stored at 4°C was tested.
Complement fixation using a Brucella abortus S-99 suspension
(Brucellosis Reference Laboratory, Santa Fe, Granada, Spain) in veronal
buffer (pH 7.2) as antigen was carried out in a veterinary laboratory in La
Pobla de Segur (Lleida, Spain). The hemolytic system consisted of 3% sen-
sitized-sheep red blood cell suspension (Biomerieux) and 4 hemolytic units
of guinea-pig hemolysin (Dade Behring ORLC25). Complement (guinea-pig
complement for the complement fixation reaction, Dade Behring ORAY20)
was titrated and 2 complement units were used. Serum samples were inac-
tivated at 56°C for 30 min and diluted in veronal buffer (from 1:2 to 1:128).
General procedures were done as described by Alton et al. [1]. The results
were expressed in International Complement-Fixation Test Units (ICFTU),
established by the European Union based on an International Standard anti-
Brucella abortus serum, available from the Institut für Veterinarienmedizin,
Berlin, Germany.
Statistics. Qualitative (rose Bengal) as well as semiquantitative (serum
agglutination activity, and Coombs’ reaction) tests were converted into ordi-
nal numbers to facilitate statistical analysis.
Receiving-operating charts (ROC) were used to evaluate and compare
tests results and to select the best decision levels of each test. Sensitivity,
specificity, efficiency, positive predictive value, negative predictive value,
and area under the curve (AUC) were calculated for each test. ROC were
generated for group 1 patients versus general population (control 1); group
2 patients versus control group 2 with brucellosis history; and every patient
(either from group 1 and 2) versus general population (control 1) using the
software GraphROC 1.5 for Windows (GR-2028).
Results
Brucella was isolated from 92.5% of blood cultures from
patients belonging to group 1, but only 8.3% of those from
patients of group 2. This means that the sensitivity with
respect to both groups was 0.66. All patients belonging to
group 1 were positive by the rose Bengal test (sensitivity = 1)
as were 22 patients of group 2 (sensitivity = 0.92). Three
individuals in control group 1 and 26 individuals in control
group 2 were also found to be positive using this test. Table
1 summarizes the results obtained when the predictive value
model was applied to all studied patients (groups 1 and 2)
and to group 2.
Figure 1 shows the corresponding ROC of the serum
agglutination test. The Coombs’ test was evaluated consider-
ing a discriminant value of 1/320 (maximal discrimination).
ELISA (IgG) gave the best results in patients of group 1 and
groups 1+2 when value >4 arbitrary units (AU) was consid-
ered as the cut-off point. When patients of group 2 were com-
pared with control group 2, a break point ≥40 AU was
applied; Table 1 lists both the specificity and the sensitivity
values. Figure 2 shows differences in the results of the
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Coombs’ test between group 2 and control group 2. Figure 3
shows the results of ELISA (IgG). The results obtained with
the ELISA (IgM) were almost identical to those of the serum
agglutination test.
Concerning the complement-fixation results, note that when
patients of group 2 were compared with control group 2 (break
point >33 ICFTU, Table 1), a sensitivity of 0.88 and a speci-
ficity of 0.78 were obtained. Attempts were made to increase
sensitivity, but then specificity fell rapidly. Two false negatives
were detected in group 1, corresponding to two patients with
an immune response in which IgM was predominant.
Discussion
Blood culture results of patients belonging to group 1 demon-
strated the high sensitivity of this diagnostic test in primary
infected patients. However, the low success of blood cultures
from group 2 patients indicated its limitations as a laborato-
ry test in a rural area in which brucellosis is endemic. This
conclusion is in agreement with those from other studies in
different endemic areas, including Kuwait [18] and Saudi
Arabia [13]. The sensitivity level in our study was 0.66,
slightly lower than the values reported (0.80) in previous
studies [2]. This difference could be a consequence of the
high proportion of patients (39%) belonging to group 2.
The low specificity of rose Bengal test in group 2 indi-
cates that, at least in endemic areas, it should not be used as
a diagnostic tool, especially in individuals with occupational
exposure. However, due to its simplicity, it can be useful in
screening [25]. In group 2, there were two false-negatives
(sensitivity = 0.92) with the rose Bengal test: two patients
professionally exposed suffering from chronic brucellosis
with clinical manifestations in osteo-articulations. After other
diseases were ruled out, antibiotic treatment succeeded
(Coombs’ test value >1/1280). Negativity may have been due
BRUCELLOSIS IN ENDEMIC AREA
Table 1. Several tests for application of predictive value model
Test DL S SP E PPV NPV Area
Rose Bengal
Groups 1 + 2 vs. gen. population 1.00 0.99 0.99 0.95 1.00
Group 2 vs. Brucellosis anteced. 0.92 0.52 0.64 0.46 0.93
Tube agglutination
Groups 1 + 2 vs. gen. population ≥1/160 0.67 0.99 0.94 0.97 0.94 0.940
Group 1 vs. general population ≥1/160 0.97 0.99 0.99 0.97 0.99 0.997
Group 2 vs. Brucellosis anteced. ≥1/160 0.20 0.98 0.74 0.83 0.73 0.700
Coombs
Groups 1 + 2 vs. gen. population ≥1/320 1.00 0.98 0.98 0.92 1.00 0.994
Group 1 vs. general population ≥1/320 1.00 0.98 0.98 0.88 1.00 0.995
Group 2 vs. Brucellosis anteced. ≥1/320 1.00 0.80 0.80 0.68 1.00 0.950
ELISA IgG
Groups 1 + 2 vs. gen. population 4 0.85 0.81 0.81 0.42 0.97 0.907
Group 1 vs. general population 4 0.78 0.83 0.83 0.34 0.97 0.855
Group 2 vs. Brucellosis anteced. 40 1.00 0.70 0.79 0.60 1.00 0.900
ELISA IgM
Groups 1 + 2 vs. gen. population 10 0.88 0.90 0.86 0.87 0.86 0.920
Group 1 vs. general population 26 0.94 0.98 0.97 0.97 0.97 0.995
Group 2 vs. Brucellosis anteced. 10 0.54 0.76 0.68 0.56 0.74 0.640
Complement fixation
Groups 1 + 2 vs. gen. population 16 0.92 0.99 0.96 0.97 0.96 0.970
Group 1 vs. general population 16 0.91 0.99 0.97 0.96 0.97 0.975
Group 2 vs. Brucellosis anteced. 33 0.88 0.78 0.80 0.57 0.95 0.908
DL: Decision level (see text); S: Sensitivity; SP: Specificity; E: Efficiency; PPV: Positive predictive value; NPV: Negative pre-
dictive value; Area: Area under ROC plot.
Fig. 1. Receiving-operating chart (ROC) of tube agglutination test. (A)
Group 1 vs. general population. (B) Group 1+2 vs. general population. (C)
Group 2 vs. brucellosis antecedents. AUC: Area under the curve.
In
t. 
M
ic
ro
bi
ol
.
56 INT. MICROBIOL. Vol. 7, 2004
to the loss of agglutinating capability of the patients’ IgG at
low pH. Furthermore, antibodies were detected by the
Coombs’ reaction. Thus, in endemic areas and in patients
with a long history of disease, brucellosis cannot be ruled out
based on a negative rose Bengal test.
Results of the standard tube agglutination method have to
be considered taking into account those reported by other
groups. Several studies indicated that an optimal break point
of 1/160 gave excellent sensitivity even in endemic regions
[3,13,15,19]. However, in other studies [12,24], when clini-
cal evidence suggested brucellosis, even values <1/160 may
not rule out the diagnosis. In our study, the sensitivity of the
standard tube agglutination method was low (0.67) and only
the results in group 1 were similar to those already described.
When group 2 was compared with control group 2, sensitiv-
ity was 0.2 at a break point of 1/160 and 0.33 at a break point
≥1/80 with specificity of 0.82 and area under the ROC of 0.7.
Thus, agglutination tests do not rule out brucellosis in
endemic regions such as those in our study.
IgM, agglutinating IgA, and agglutinating IgG are
involved in tube serum agglutination [2,12]. Sometimes IgG
is masked by blocking antibodies [10] belonging to class
IgA. In patients with a long history of brucellosis or in indi-
viduals with immunological memory, such as those of group
2, the predominant response is due to IgG, which can be non-
agglutinating or blocked; this may explain the low efficiency
of the standard tube agglutination test.
Application of Coombs’ test, which detects non-aggluti-
nating IgG, improved the accuracy of diagnosis in patients of
group 2. When the break point was ≥1/320, the value of sen-
sitivity was 1 in all groups. Specificity, however, was only
0.8 in individuals with a history of brucellosis. This 20%
incidence of false-positives is attributable to overlap between
antibodies produced during active infection in individuals
previously exposed to the microbe and to the presence of
residual antibodies in healthy individuals that had suffered
from brucellosis previously. Only one healthy individual of
the latter group gave a titer >1280. The area of uncertainty
ranged from 1/320 to 1/1280 (Fig. 2). Using a break point of
1/640, limitations in the test would be distributed between
false-positives (specificity 0.89) and false-negatives (sensi-
tivity 0.91).
Immunoenzymatic tests (ELISA) did not increase the diag-
nostic yield of classical tests. ELISA IgG gave sensitivities and
specificities of 0.85 and 0.81, respectively, in the entire series
of patients, whereas values in group 1 were 0.78 and 0.83
(Table 1). In fact, patients belonging to group 1 had a lower
IgG response, especially when the disease was diagnosed at its
onset. Even in patients of group 2, IgG ELISA did not give
better results than obtained with the Coombs’ test. With a
break point of ≥40 AU (maximal sensitivity), the specificity
was 0.7. This means that, in fact, the amount of overlap was
higher than that detected with the Coombs’ test (Fig. 3).
The results of ELISA IgM were identical to those of stan-
dard tube agglutination as reported elsewhere [11]. This
means that the test was an excellent diagnostic tool for
patients of group 1 (IgM producers) but gave poor results with
patients of group 2. This confirms that tube agglutination indi-
cates mainly the presence of IgM. In no case did ELISA-IgM
improve results obtained with the tube agglutination method.
Therefore, the diagnostic values of classical tests for IgM
(tube agglutination) and IgG (Coombs’ test) were not less than
that of ELISA. This conflicts with the results of other authors
[5,8,9]. Although classical tests are easy to perform, extreme
caution should be exercised in the choice of antigen, experi-
mental procedure, and interpretation of results. Choosing a
SERRA, VIÑAS
Fig. 2. Histograms of Coombs’ test values in patients belonging
to group 2 (black bars) and control group 2 (white bars).
Numbers 1−12 on the abscissa correspond to dilutions of 1/10,
1/20, 1/40, 1/80, 1/160, 1/320, 1/640, 1/1280, 1/2560, 1/5120,
1/10240 and 1/20480, respectively.Int
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break points based on a high enough number of individuals is
also another variable to be considered.
Due to its ability to detect both IgG and IgM, the comple-
ment fixation test was also very useful in diagnosing brucel-
losis. However, the results did not improve the diagnostic
values of tube agglutination and ELISA IgM in group 1
patients, nor those of Coombs’ test and ELISA IgG in group
2 patients. These results and the complication of the comple-
ment fixation test itself should discourage its use in routine
clinical analysis. Moreover, false negative results were
obtained in two patients of group 1with positive blood cul-
ture and high levels of IgM and IgG, which were undetected.
As has already been shown, IgM is much less efficient in
complement fixation than IgG. In both patients, a second
complement fixation test 15 days later gave accurate results.
Perhaps IgM needs a certain period of time after secretion to
become active in complement fixation.
Conclusions
Based on our results, the following conclusions can be
drawn: (i) Due to the lack of standardized serology tests and
differences in human populations, each laboratory should
establish its own break point based on the methods used and
the population studied. (ii) In the population in this study,
laboratory diagnosis in patients with primary infections
(group 1) did not cause particular difficulties because blood
culture gave excellent sensitivity results, and the combina-
tion of rose Bengal (screening test) and tube agglutination
≥1/160 ensured the diagnosis. ELISA IgM can be used
although it does not improve the accuracy of diagnosis. (iii)
In individuals with previous contact with the microorganism
or occupational exposure and symptoms of acute, persistent,
and often apparently unspecific infection (very frequent in
endemic areas), blood culture gave poor results. In such cases
a positive rose Bengal test (screening method) and tube
agglutination <1/160 do not rule out brucellosis. A Coombs’
test titer of ≥1/320 strongly suggests active infection,
although some false positives were detected between 1/320
and 1/1280. In these patients, continuous clinical and ana-
lytical control are needed.
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Diagnóstico de laboratorio de brucelosis en un área
rural endémica en el noreste de España
Resumen. A partir del suero de 62 pacientes de tres comarcas de mon-
taña de Cataluña (noreste de España) con brucelosis según los síntomas
clínicos y/o historia personal, se probó el valor diagnóstico de diferentes
pruebas tales como el test del rosa de Bengala, el test de aglutinación están-
dar del suero (SAT), el test de Coombs, el test ELISA y el test de fijación
del complemento. Para el diagnóstico se realizaron también cultivos de san-
gre. Basándose en los síntomas clínicos, los datos epidemiológicos y los
resultados de las pruebas serológicas, los pacientes se clasificaron en dos
grupos: grupo 1 (38 casos), infectados por primera vez, y grupo 2 (24
casos), cuyos pacientes habían padecido una exposición previa al microor-
ganismo, esto es, individuos reinfectados por Brucella después de un largo
período sin infección activa. Para determinar el valor diagnóstico de las
diferentes pruebas y establecer valores discriminatorios se utilizó el gráfico
“receiving-operating chart” (ROC). El cultivo de sangre fue apropiado para
el grupo 1 (sensibilidad 0,92), pero no para el grupo 2 (sensibilidad 0,08).
La combinación de los test del rosa de Bengala y de aglutinación (≥1/160),
tuvieron valor diagnóstico para el grupo 1. Sin embargo, para el grupo 2 el
test de aglutinación (<1/160, se incluyen las aglutinaciones negativas) no
fue apropiado para la detección de Brucella. El mejor criterio de diagnósti-
co de brucelosis fue la combinación del test rosa de Bengala y el test de
Coombs (≥1/320; especificidad 0,8 y sensibilidad 1). El test ELISA (con
IgG o con IgM, o con ambas) no mejoró el diagnóstico de la enfermedad.
[Int Microbiol 7(1):53–58, 2004]
Palabras clave: Brucella · brucelosis humana · serología · criterios diag-
nósticos
Diagnóstico laboratorial de brucelose numa área
endêmica no noreste da Espanha
Resumo. A partir do soro de 62 pacientes, provenientes de três zonas mon-
tanhosas da Cataluña (noreste da Espanha), nos quais havia sido diagnosti-
cado brucelose com base nos sintomas clínicos e/ou uma história pessoal, foi
testado o valor diagnóstico de diferentes provas tais como: o teste de rosa de
bengala, o teste de aglutinação padrão do soro (SAT), teste de Coombs, o
teste ELISA e o teste de fixação do complemento. Para o diagnóstico foram
realizados também cultivos de sangue. Com base nos sintomas clínicos,
dados epidemiológicos e os resultados do teste sorológico, os pacientes
foram classificados em dois grupos: grupo 1 (38 casos), infectados pela
primeira vez e o grupo 2 (24 casos), pacientes que haviam sido expostos pre-
viamente ao microrganismo, isto é, indivíduos reinfectados por Brucella
depois de uma grande período sem infecção ativa. Para se determinar o valor
diagnóstico das diferentes provas e estabelecer valores discriminatórios foi
utilizado o gráfico “receiving-operating chart” (ROC). Os cultivos de sangue
foram apropriados para o grupo 1 (sensibilidade 0,92), mas não para o grupo
2 (sensibilidade 0,08). A combinação dos testes de rosa de Bengala e de
aglutinação (≥1/160), tiveram valor diagnóstico para o grupo 1. Sem dúvida,
para o grupo 2, o teste de aglutinação (<1/160, são incluídas as aglutinações
negativas) não foi adequado para a detecção de Brucella. O melhor critério
de diagnóstico para brucelose foi a combinação do teste rosa de bengala e o
teste de Coombs (≥1/3 20; especificidade 0,8 e sensibilidade 1). O teste
ELISA (com IgG ou com IgM, ou com ambas) não melhorou o diagnóstico
da enfermidade [Int Microbiol 7(1):53–58, 2004]
Palavras chave: Brucella · brucelose humana · sorologia · critérios diag-
nósticos
